Summary. Preimplantation mouse embryos were recovered by flushing the oviducts on Day 3 at 09:30\p=n-\10:00h, 15:30\p=n-\16:00h and 21:30\p=n-\22:00h: When placed in culture for 48 h, 79% of the 4\p=n-\8cell embryos recovered at 09:30\p=n-\10:00h developed into blastocysts, but a large number of these embryos failed to form blastocysts when exposed to trifluoperazine, a calmodulin antagonist, at 0\m=.\5or 0\m=.\6 \g=m\m in culture. About 45% of the embryos recovered at 15:30\p=n-\16:00h were compacted and blastocyst formation was again markedly depressed in the presence of the drug. Advanced compacted embryos recovered at 21:30\p=n-\22:00 h showed normal development into blastocysts in the presence of 0\m=.\6\g=m\m-trifluoperazine. Trifluoperazine sulphoxide (the inactive form of trifluoperazine) at 0\m=.\6or 1\m=.\2 \g=m\m concentration had no effect on blastocyst formation of uncompacted embryos recovered at 09:30\p=n-\10:00h. These embryos and those recovered at 21:30\p=n-\22:00 h and developed into blastocysts in the presence of trifluoperazine were transferred to Day-4 pseudopregnant mice and healthy young were born. When exposed to calcium-free medium or medium containing trifluoperazine all compacted embryos recovered at 18:30 h became decompacted; development to the blastocyst stage was normal in medium alone but reduced when trifluoperazine was added. Compacted embryos recovered at 23:00 h showed 100% decompaction in the calcium-free medium but completely failed to decompact in the presence of 0\m=.\6 \g=m\m-trifluoperazine. We suggest that extracellular calcium is essential for the continuance of compaction, while intracellular calcium is required only during the initial phase of this process.
Introduction
The process of compaction is prerequisite for morula to blastocyst transformation. In the mouse the process begins at the 8-cell stage and is associated with remarkable morphological changes (Ducibella & Anderson, 1975) . However, the exact mechanism(s) involved in the process is not clearly understood. Of the several possibilities (Surani, 1979; Pratt, Keight & Chakraborty, 1980;  Atienza-Samols, Pine & Sherman, 1980; Hudgins, Mukherjee & Dey, 1982) , the role of extracellular calcium in compaction is well established. On the other hand, the information regarding the influence of intracellular calcium in this process is limited. The importance of cálmodulin-dependent intracellular calcium in the compaction process in the mouse embryo has been indicated (Bilozur & Powers, 1982) , but (Whitten, 1971 ) under sterile conditions. The embryos were pooled from several animals, washed 4 times in the same medium and divided into several batches (5-16 embryos/ml/tube) for culture. The embryos recovered in the morning were cultured for 48 h, while those recovered in the afternoon or evening were cultured for 41 h or 36 h. The methods of culture and examination of embryonic development were as reported by Dey & Johnson (1980) . The first set of experiments was designed to determine the effects of trifluoperazine, an antagonist to calmodulin (Connor, Levin & Brownstein, 1982; Prozialeck & Weiss, 1982) on blastocyst formation. As shown in Text- fig. 1 , the embryos were cultured in the presence of (1) trifluoperazine (Smith Kline & French Laboratory, Philadelphia, PA) and (2) trifluoperazine sulphoxide (Smith Kline & French) , the inactive form of trifluoperazine (Weiss & Wallace, 1980 compacted embryos were then exposed to calcium-free medium or medium containing trifluoperazine for 2 h to induce decompaction in vitro. The decompacted embryos thus obtained from each treatment were then cultured separately for another 40 h in the presence and absence of trifluoperazine to determine embryo development under these conditions. The compacted embryos recovered at 23:00 h were exposed to the calcium-free medium or the medium containing trifluoperazine only for 2 h to study the decompaction.
The results were compared by 2 analysis.
Results
As shown in Text- fig. 2 From the 53 embryos that developed to blastocysts in medium only and were transferred to 7 foster mothers, 35 healthy offspring were born (9/12, 9/11, 1/4, 3/3, 5/7, 2/5, 6/11). A similar transfer of 34 blastocysts, developed from Day-3 embryos recovered at 21:30-22:00 h in the presence of 0-6 µ -trifluoperazine, to 5 pseudopregnant mice produced 19 healthy young (4/6, 3/7, 5/5, 2/8, 5/8). Furthermore, blastocysts which developed from Day-3 embryos recovered at 9:30-10:00 h in the presence of 0-6 or 1-2 µ -trifluoperazine sulphoxide produced healthy offspring when transferred to foster mothers (3/4, 6/10, 7/10 and 7/12, 6/12, 7/12).
The compacted embryos recovered on Day 3 at 18:30 h resulted in 100% decompaction when exposed to calcium-free medium or medium containing trifluoperazine (Text-fig. 3 ). These decompacted embryos when cultured in the medium alone showed normal development to the blastocyst stage, while addition of trifluoperazine in the medium drastically reduced embryo development. The compacted embryos recovered at 23:00 h, although showing 100% decompaction in the calcium-free medium, completely failed to decompact in the presence of trifluoperazine (Text-fig. 3 ). (Cheung, 1980) . Trifluoperazine selectively binds with calmodulin and inactivates various calmodulin-dependent actions of intracellular calcium actions (Connor et al., 1982; Prozialeck & Weiss, 1982) . If the effect of trifluoperazine on embryo development is considered to be mediated via alteration in calmodulin-dependent intracellular calcium functions, then we can postulate that extracellular and intracellular calcium-mediated events are essential for the process of compaction. Our results corroborate the findings of Bilozur & Powers (1982) . However, while extracellular calcium appears to be necessary for the induction and continuous maintenance of compaction (Wales, 1970; Whitten, 1971; Ducibella & Anderson, 1975 ; Bilozur & Powers, 1982) (Schultz, Heller & Buklad, 1983) . Calmodulin has been implicated in oocyte maturation in non-mammalian species (Meijer & Guerrier, 1981; Wasserman & Smith, 1981; Hollinger & Alvarez, 1982) . Of several possibilities, calmodulin-dependent adenylate cyclase does not appear to play any role in the compaction process (Bilozur & Powers, 1982) . However, calmodulin may modulate prostaglandin synthesis in the embryo through activation of phospholipase A2 (Wong & Cheung, 1979) and prostaglandins thus generated may participate in embryo development (Biggers, Leonov, Baskar & Fried, 1978) . While a non-specific cytotoxic effect of trifluoperazine cannot be ignored completely, it seems unlikely because the drug was primarily effective in inhibiting the development of the uncompacted or the early compacted embryos. The birth of healthy young, following transfer of the blastocysts grown from the advanced compacted embryos in the presence of trifluoperazine to pseudopregnant mice, also suggests normal development of the embryos under these conditions. Furthermore, trifluoperazine sulphoxide, the inactive form of trifluoperazine, had no effect on the development of the 4-8-cell uncompacted embryos to blastocysts and on subsequent implantation after transfer to pseudopregnant mice.
The results suggest, therefore, that extracellular and intracellular calcium-related events participate in the induction of the compaction process. However, extracellular calcium is essential for continuous maintenance of the compaction process, while intracellular calcium is required only during the initial phase.
